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f .  INTRODUCTION 


On  1  August  1978,  a  Copperhead  (XM712)  Quarterly  Review  was  held 
at  the  Martin  Marietta  Corporation  (MMC)  facility  in  Orlando,  Florida. 
The  Aerodynamic  Working  Group  meeting,  held  in  conjunction  with  the 
Quarterly  Review,  was  charged  by  the  Project  Manager,  Cannon  Artillery 
Weapons  Systems  (PM-CAWS)  to  address  the  results  of  recent  XM712  flight 
tests  conducted  at  White  Sands  Missile  Range  (WSMR) ,  and  recommend  a 
test  plan  to  investigate  the  potential  problems. 

The  WSMR  flights  had  been  instrumented  with  on-board  acceler¬ 
ometers,  and  the  telemetry  data  had  indicated  the  existence  of  "coning 
motion,"  or  limit-cycle  yaw,  at  transonic  speeds.  In  addition,  MMC 
personnel  had  analyzed  the  results  of  tracking  radar  data  on  the  same 
flights,  and  the  radar  data  showed  larger  round- to-round  variation  in 
total  aerodynamic  drag  than  would  normally  be  expected. 

The  second  potential  problem  centered  around  the  proposed  use  of 
"gutted"  rounds  for  Firing  Table  tests,  which  were  scheduled  to  be 
conducted  in  the  near  future.  Due  to  the  porosity  of  the  XM712  body 
surface,  generated  by  the  requirement  for  fin  and  wing  slots,  and  the 
rather  high  sensitivity  to  porosity  of  aerodynamic  drag  and  lift 
indicated  by  wind  tunnel  tests1 ,  the  consensus  of  the  Aerodynamic 
Working  Group  was  that  full-scale,  free-flight  tests  should  be  con¬ 
ducted,  to  firmly  establish  the  aerodynamic  differences  between 
"gutted"  and  all-up-control-section  rounds. 

By  mid-January  1979,  a  test  plan  was  finalized  between  the 
Ballistic  Research  Laboratory  (BRL),  PM-CAWS,  and  MMC.  The  plan 
consisted  of  a  nineteen  round  firing  progiam  in  the  BRL  Transonic 
Range2,  to  establish  the  aerodynamic  differences  between  three  vari¬ 
ations  of  the  XM712  projectile;  an  all-up-control-section  round  (B040) , 
a  totally  "gutted"  control-section  round  (B035) ,  and  an  "in-between" 
version  (B035-M0D) ,  with  closure  of  sensor  holes  in  the  body  surface. 
Funding,  authority  to  conduct  the  test,  and  approval  of  the  final  test 
plan  were  received  by  BRL  in  a  letter  from  the  PM-CAWS,  dated 
22  January  1979. 


1.  W.  H.  Appich,  Jr .  and  R.  E .  Wittmeyer,  ,fCopperhead  Aerodynamic 
Test  Data,  Analyses ,  and  Flight  Simulation  Model  Development , 

Vol .  I  and  II,"  Martin  Marietta  Corporation  Report  OR  15321, 
November  1978 . 

2.  W.  K .  Rogers ,  Jr .,  "The  Transonic  Free  Flight  Range,"  Ballistic 
Research  Laboratories  Report  Number  1044,  Aberdeen  Proving  Ground, 
Maryland,  June  1958 .  AD  200177 . 
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Projectiles  for  testing  arrived  at  BRL  in  early  March  1979. 

Physical  measurements  were  made  on  a  sample  of  each  model  type,  and 
firing  began  on  25  April  1979.  Fifteen  rounds  were  successfully 
launched  between  25  April  1979  and  3  May  1979. 

On  3  May  1979,  the  sixteenth  round  (B035  MOD)  in  the  BRL  test 
program  was  fired,  at  a  test  Mach  number  of  approximately  1.75.  A 
smear  camera  located  roughly  3  metres  in  front  of  the  gun  muzzle 
showed  that  the  plastic  nose-cap  had  failed,  and  was  disintegrating 
in  flight.  The  projectile  (Test  Round  No.  16520)  pitched  upward  after 
entering  the  range,  and  continued  to  climb  until  it  impacted  the  steel 
roof  trusses  of  the  building,  at  the  end  of  the  third  group  of  stations. 
The  collision  resulted  in  extensive  structural  and  instrumentation 
damage  to  the  Transonic  Range,  and  forced  closure  of  the  range  for  two 
months  to  make  necessary  repairs. 

By  mid-July  1979,  the  Transonic  Range  was  again  operational,  and 
the  remaining  three  XM712  projectiles  were  successfully  launched,  at 
a  test  Mach  number  of  1.05,  on  9-10  August  1979. 

The  aerodynamic  data  from  the  eighteen  successful  flights  have  been 
analyzed,  and  are  presented  in  this  report.  Partial  data  obtained  from 
Round  No.  16520  are  included  in  the  appendix. 


II.  TEST  MATERIAL  AND  PROCEDURE 

A  total  of  nineteen  rounds  were  available  for  the  BRL  tests,  of 
which  six  were  B040  type,  five  were  B035  type,  and  eight  were  B035-MOD 
projectiles.  Physical  measurements  were  made  on  a  sample  of  three  pro¬ 
jectiles  of  each  of  the  three  types.  Dimensions,  weights,  and  centers 
of  mass  were  obtained  using  the  methods  of  Reference  3.  The  axial 
and  transverse  moments  of  inertia  were  obtained  to  within  ±  0.03% 
error,  using  the  Space  Electronic  Corporation  equipment.  The  average 
physical  characteristics  of  the  test  projectiles  are  listed  in  Table  I. 
Figure  1  is  a  sketch  of  the  XM712  projectile,  with  pertinent  external 
dimensions.  Figure  2  is  a  photograph  of  one  each  of  the  three  model 
types . 

The  test  projectiles  were  fired  from  a  155mm,  M109A1  Howitzer. 
Modified  charges  of  M119E4  propellant,  Zone-8,  were  used  to  launch 
projectiles  at  test  Mach  numbers  of  1.5  and  up.  Lower  test  Mach  numbers 


3 .  E .  R •  Dickinson^  "Physical  Measurements  of  Projectiles >  ft  Technical 
Hote  874 j  U.  S .  Army  Ballistic  Research  Laboratories 3  Aberdeen 
Proving  Ground, ,  MDj  February  1954 >  AD  803103. 
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wore  obtained  using  modified  charges  of  M4A2  propellant.  No  attempt 
was  made  to  induce  yaw  on  any  of  the  first  sixteen  rounds  fired,  due 
to  the  relatively  fragile  projectile  nose  section,  and  the  possibility 
that  some  yaw  induction  techniques  might  alter  the  fin  deployment  rate. 

Accurate  roll  measurements  in  spark  range  testing  are  usually 
obtained  by  installing  a  small  roll  pin  in  the  outer  periphery  of  the 
model  base.  However,  MMC  personnel  advised  against  such  an  install 
lation  on  the  Copperhead  models,  due  to  a  marginal  safety  factor  in 
allowable  stress  on  the  XM712  base  section.  The  method  selected  for 
roll  measurement  was  the  addition  of  a  "rear  latch  notch”  on  the  out¬ 
board  edge  of  one  fin.  Unfortunately,  the  additional  notch  was  often 
invisible  in  one  or  the  other  plane  shadowgraphs,  due  to  the  obscuring 
effect  of  an  adjacent  unnotched  fin.  The  result  was  a  reduction  in 
the  usually  high  quality  of  roll  data  obtained  in  the  Transonic  Range. 
At  least  some  roll  data  was  obtained  on  most  rounds,  however,  and  is 
reported  as  part  of  the  flight  motion  parameters  observed. 


III.  RESULTS 

The  range  data  were  fitted  to  solutions  of  the  linearized  equations 
of  motion  and  these  results  used  to  infer  linearized  aerodynamic 
coefficients  using  the  methods  of  Reference  4.  The  actual  projectile 
aerodynamic  force-moment  system  often  is  not  strictly  linear.  Given 
sufficient  data,  the  actual  non-linear  behavior  also  can  be  determined 
from  free-flight  range  results4 5.  For  the  present  tests,  the  generally 
small  level  of  launch  yaws,  combined  with  the  paucity  of  data  due  to 
the  very  limited  program  size,  prevented  the  direct  determination  of 
aerodynamic  non-linear  behavior.  However,  extensive  wind  tunnel  test 
results  for  the  Copperhead  projectile  were  available  from  Reference  1, 
and  the  wind  tunnel  determined  non-linear  coefficients  were  used  to 
correct  the  range  values  to  zero-yaw  conditions. 


4.  C.  H .  Murphy ,  " Data  Reduction  for  the  Free  Flight  Spark  Ranges,  n 
Report  900,  U .  S.  Army  Ballistic  Research  Laboratory ,  Aberdeen 
Proving  Ground,  MB,  February  1954,  AD  55855. 

5 .  C .  H.  Murphy,  nThe  Measurement  of  Non-Linear  Forces  and  Moments 
by  Means  of  Free  Flight  Tests,  "  Report  974,  U.  S .  Army  Ballistic 
Research  Laboratory,  Aberdeen  Proving  Ground,  MB,  February  1956, 
AB  95521. 
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A  useful  by-product  of  tests  conducted  in  the  BRh  aerodynamic 
ranges  is  the  shadowgraph  information  obtained.  A  selected  set  of 
comparative  shadowgraphs  for  the  three  model  types  at  supersonic, 
transonic,  and  subsonic  speeds  arc  presented  in  Figures  3  through  17 
of  this  report. 

The  round-by- round  aerodynamic  data  obtained  is  listed  in 
fable  [I.  Flight  motion  parameters,  including  mid-range  roll  rate, 
arc  given  in  Table  111. 

A.  Drag  Coefficient 


The  drag  coefficient,  C^,  is  determined  by  fitting  the  time- 
distance  measurements  from  the  range  flight.  is  distinctly  non¬ 


linear  with  yaw  level,  and  the  value  determined  from  an  individual 
flight  reflects  both  the  zero-yaw  drag  coefficient,  ,  and  the 

o 

induced  drag  due  to  the  average  yaw  level  of  the  flight.  The  drag 
coefficient  variation  at  small  yaw  levels  is  adequately  represented 
by: 

2 


C 


D 


where  C  is  the  zero-yaw  drag  coefficient,  Cn  ?  is  the  quadratic  yaw- 
o  n  6 

drag  coefficient,  and  o  is  an  average  effective  squared  yaw  for  the 
individual  flight.  The  wind  tunnel  value  of  CD  2  from  Reference  1  was 

<5 

used  to  correct  the  range  value  of  to  zero-yaw  conditions. 


Figure  18  shows  the  variation  of  with  Mach  number  for  the 

o 

three  model  types  tested  in  the  Transonic  Range.  The  B040  round  has 
the  highest  drag  coefficient,  at  all  speeds  tested;  the  B035  round 
has  the  lowest  drag,  and  the  drag  of  the  P035-M0D  round  is  inter¬ 
mediate  between  the  other  two  types.  The  drag  difference  between 
round  types  is  roughly  2%,  for  all  Mach  regions  tested.  The  wind 
tunnel  zero-yaw  drag  coefficient  is  plotted  as  a  dashed  line  on 
Figure  18  for  comparison.  The  B040  round  shows  8%  less  drag  than  the 
wind  tunnel  values  at  subsonic  speeds;  at  supersonic  speeds  the  range 
data  are  more  or  less  in  agreement  with  the  wind  tunnel  curve. 
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Figure  19  is  a  plot  of  the  wind  tunnel  yaw-drag  coefficient,  C  , 

6 

versus  Mach  number.  The  curve  of  Figure  19  was  used  to  correct  the 
range  values  of  total  drag  coefficient  to  the  zero-yaw  values  plotted 
in  Figure  18. 

B .  Pitching  Moment,  Normal  Force,  and  Center  of  Pressure 

The  range  values  of  pitching  moment  coefficient,  ,  were 

a 

corrected  to  zero-yaw  coefficients,  ,  using  the  wind  tunnel  values1 

a0 

for  the  cubic  and  quintic  static  moment  coefficients.  Figure  20  is  a 
plot  of  the  zero-yaw  pitching  moment  coefficient  versus  Mach  number, 
for  the  three  round  types  tested  in  the  range.  The  wind  tunnel  cubic 
and  quintic  pitching  moment  coefficients  are  shown  in  Figures  21  and 
22,  respectively. 

The  wind  tunnel  zero-yaw  pitching  moment  coefficient  variation 
with  Mach  number  is  plotted  as  a  dashed  curve  on  Figure  20.  The  range 
data  show  that  both  the  B035  and  B035  MOD  configurations  approach 
neutral  stability  at  around  Mach  number  1.5,  for  small  angles  of 
attack.  The  B040  configuration  is  more  stable  at  high  Mach  numbers, 
and  Figure  20  suggests  that  neutral  stability  for  the  B040  model  will 
occur  somewhere  around  Mach  number  1.8.  Due  to  the  sparsity  of  data 
shown  in  Figure  20,  the  predicted  neutral  stability  points  should  be 
regarded  with  some  skepticism. 

Figure  23  shows  the  variation  of  the  zero-yaw  normal  force 
coefficient,  C^T  ,  with  Mach  number.  The  wind  tunnel  cubic  and  quintic 

1  a 

o 

normal  force  coefficient,  shown  in  Figures  24  and  25,  respectively, 
were  used  to  correct  the  range  values  of  C^,  to  zero-yaw  values. 

a 

The  measurement  of  normal  force  (or  lift)  coefficient  is  more 
difficult  in  free  flight  range  testing  than  the  measurement  of 
pitching  moment  coefficient,  since  the  normal  force  is  determined 
from  center  of  mass  swerving  motion,  while  the  pitching  moment  is 
determined  directly  from  the  measured  epicyclic  frequencies.  Several 
of  the  XM712  rounds  launched  with  extremely  small  yaw,  and  insufficient 
swerving  motion  was  observed  for  satisfactory  determination  of  . 

a 

The  normal  force  results  shown  on  Figure  23  are  too  sparse  in  number 
to  differentiate  between  model  types,  and  an  average  trend  curve  is 
shown  for  supersonic  speeds.  The  only  significant  conclusion  that 
can  be  drawn  from  Figure  23  is  that,  at  supersonic  speeds,  the  range 
data  show  roughly  20%  less  normal  force  than  was  determined  from  wind 
tunnel  testing. 
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,  i s  shown  i n 


The  zero-yaw  normal  force  center  of  pressure, 

N 

o 

figure  2b.  The  range  data  show  variations  of  up  to  1/4  caliber  in 
neutral  point  location  from  the  wind  tunnel  curve,  but  no  significant 
differences  among  model  types  are  apparent.  Figure  26  shows  that 
the  neutral  point  moves  forward  with  increasing  supersonic  speed,  and 
predicts  that  the  B035  and  B035  MOD  configurations ,  with  a  more  aft 
center  of  mass  location,  will  approach  neutral  stability  at  lower 
Mach  number  than  will  the  B040  model,  confirming  the  trend  shown  in 
Figure  20. 

C.  Magnus  Moment  Coefficient  and  Pitch  Damping  Moment  Coefficient^ 

The  range  values  of  Magnus  moment  (Side  moment)  coefficient, 

C  ,  and  pitch  damping  moment  sum,  C^  +  ,  are  plotted  in 

pa  q  a 

Figures  27  and  28,  respectively.  No  wind  tunnel  data  have  been  collected 
for  Magnus  or  pitch  damping  moments  on  the  XM712  projectile;  hence  no 
non-linear  effects  were  available  to  correct  the  range  values  to  zero- 
yaw  conditions.  An  unsuccessful  attempt  was  made  to  determine  cubic 
Magnus  and  pitch  damping  moment  coefficients  from  the  range  data. 

Figures  27  and  28  are  plots  of  the  raw  range  values  as  obtained  from 
the  epicyclic  reduction. 

Figure  27  shows  that  the  Magnus  moment  is  positive  for  Mach^ 
numbers  exceeding  1.6,  and  negative  for  lower  speeds.  The  positive 
Magnus  moment  at  high  supersonic  speeds  produces  a  mild  undamping  of 
the  fast  epicyclic  arm,  but  the  effect  of  decreasing  Mach  number 
during  flight  is  to  convert  the  undamped  fast  arm  to  a  damped,  or 
stable  motion. 


Figure  28  shows  a  negative  value  for  +  C ^ ,  at  all  Mach 

q  a 

numbers  above  0.8.  Since  a  negative  value  of  the  pitch  damping  moment 
coefficient  is  stabilizing,  Figure  28  predicts  good  damping  at 
transonic  and  supersonic  Mach  numbers.  The  small  positive  value  of 
C  +  C  at  Mach  number  0.8,  produces  a  mild  undamping  of  the  slow 

M  M* 

q  a 

epicyclic  arm  at  that  speed. 


The  sparsity  of  Magnus  and  pitch  damping  data  in  the  present 
tests,  and  the  observed  data  scatter  in  Figures  27  and  28  suggest 
that  these  results  are  more  qualitative  than  quantitative,  and  should 
be  used  accordingly. 
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D.  Damping  Rates 


Figures  29  and  30  show  the  observed  XM712  epicyclic  damping  rates, 
for  the  fast  and  slow  arms,  respectively.  The  fast  arm,  which  turns 
in  the  same  direction  as  missile  roll,  shows  a  mild  instability  at 
Mach  numbers  above  1.7,  at  the  small  yaw  levels  tested.  The  slow  arm 
(Figure  30),  which  rotates  in  the  opposite  direction  to  missile  roll, 
is  damped  at  all  supersonic  speeds,  and  shows  a  mild  instability  at 
subsonic  speeds. 

For  a  projectile  launched  at  a  Mach  number  of  1.8,  the  fast  arm 
instability  indicated  in  Figure  29  will  soon  disappear,  due  to  de¬ 
creasing  Mach  number  along  the  flight  path.  Thus  the  XM712,  launched 
at  any  supersonic  zone  should  exhibit  dynamically  stable  flight  over 
the  supersonic  region.  As  the  projectile  approaches  transonic  speed. 
Figure  30  predicts  a  mild,  but  slowly  growing  dynamic  instability  in 
the  slow  arm,  thus  confirming  the  possible  existence  of  a  slow  arm 
limit-cycle  yaw  at  subsonic  speeds.  Unfortunately,  the  yaw  levels 
achieved  in  the  present  tests  are  too  small  to  permit  any  estimate 
of  the  size  of  the  limit-cycle,  if  it  exists  at  all;  thus,  the  BRL 
test  results  neither  confirm  or  deny  the  WSMR  telemetry  data  showing 
nconing  motion. " 


IV.  CONCLUSIONS 

The  B040  projectiles  have  the  highest  drag  coefficient  of  the 
three  model  types  tested.  The  B035  models  showed  the  least  drag,  and 
the  B035  MOD  drag  coefficient  was  midway  between  that  of  the  other 
two  model  types.  The  drag  difference  between  model  types  is  roughly 
2%,  at  all  Mach  numbers  tested.  The  B040  model  shows  8%  less  drag 
than  the  wind  tunnel  values  at  subsonic  speeds;  at  low  supersonic 
speeds,  the  range  data  are  approximately  3%  above  the  wind  tunnel 
curve,  and  for  Mach  numbers  above  1.5,  the  range  and  wind  tunnel  data 
are  in  close  agreement. 

The  range  data  show  that  both  the  B035  and  the  B035  MOD  config¬ 
urations  approach  neutral  stability  at  a  Mach  number  of  1.5,  for 
small  angles  of  attack.  The  B040  configuration  is  more  stable  at  all 
supersonic  speeds,  and  probably  will  approach  neutral  stability  at  a 
Mach  number  around  1.8.  The  range  pitching  moment  coefficients  agree 
with  wind  tunnel  values  at  subsonic  and  transonic  speeds. 

The  range  values  of  normal  force  coefficient  are  sparse,  and 
less  well  determined  than  the  pitching  moment  data.  The  available 
normal  force  coefficient  data  from  the  range  show  roughly  20%  less 
normal  force  than  the  wind  tunnel  curve,  at  supersonic  speeds.  The 
only  available  subsonic  normal  force  data  point  from  the  range  agrees 
with  the  wind  tunnel  value. 
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A  mild  fast  arm  dynamic  instability  was  observed  above  Mach 
number  1.7.  However,  decreasing  Mach  number  along  the  trajectory 
results  in  an  early  disappearance  of  the  instability,  and  the  XM712 
projectile  should  therefore  exhibit  generally  dynamically  'stable 
flight  at  all  supersonic  zones.  The  slow  arm  shows  a  mild  but  in¬ 
creasing  dynamic  instability  at  transonic  and  subsonic  speeds  at 
small  angles  of  attack,  which  confirms  the  possible  existence  of 
limit-cycle  or  "coning”  motion.  Unfortunately,  the  small  yaw  levels 
attained  in  the  present  tests  do  not  permit  an  estimate  of  the  size 
of  a  limit-cycle,  if  it  exists  at  all.  Thus  the  BRL  tests  neither 
confirm  nor  deny  the  WSMR  telemetry  data  showing  "coning  motion." 
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ALL  DIMENSIONS  IN  CALIBERS 
(1  CALIBER  =  154.7mm) 


BO  40 


BO  35  MOD 


BO  35 


Figure  2.  Photograph  of  XM712  Projectiles 
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Figure  3.  Shadowgraph  of  BO  35  Model  at  Mach  1.78 
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Figure  4.  Shadowgraph  of  BO  35  MOD  Model  at  Mach  1.48 
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Figure  5.  Shadowgraph  of  BO  40  Model  at  Mach  1.49 
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Figure  6.  Shadowgraph  of  BO  35  Model  at  Mach  1.20 
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Figure  7.  Shadowgraph  of  BO  35  MOD  Model  at  Mach  1.19 
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Figure  8.  Shadowgraph  of  BO  40  Model  at  Mach  1.20 
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Figure  9.  Shadowgraph  of  BO  35  Model  at  Mach  1.04 
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Figure  10.  Shadowgraph  of  BO  35  MOD  Model  at  Mach  1.02 
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Figure  11.  Shadowgraph  of  BO  40  Model  at  Mach  1.01 
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Figure  12.  Shadowgraph  of  BO  35  Model  at  Mach  0.98 


28 


I 


2 


Figure  13.  Shadowgraph  of  BO  35  MOD  Model  at  Mach  0.97 


Figure  14.  Shadowgraph  of  BO  40  Modol  at  Mach  0.98 
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Shadowgraph  of  BO  35  Model  at  Mach  0.81 


BE 


Figure  15. 
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Figure  16.  Shadowgraph  of  BO  35  MOD  Model  at  Mach  0.80 
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Figure  17.  Shadowgraph  of  BO  40  Model  at  Mach  0.81 
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Figure  30.  Slow  Arm  Damping  Rate  versus  Mach  Number 


TABLE  I.  PHYSICAL  CHARACTERISTICS 


m 

d 

i 

I 

I 

c.m. 

Model 

Type 

(kg) 

(m) 

X 

y  „ 

(cal) 

(kg.m2) 

(kg.m2) 

(cal . -base) 

BO  35 

62.69 

.1547 

8.88 

.2505 

8.470 

3.71 

BO  35 

MOD 

62.78 

.1547 

8.88 

.2507 

8.463 

3.71 

BO  40 

62.63 

.1547 

8.88 

.2491 

8.184 

3.75 

47 


TABU;  II.  SUMMARY  OR  AERODYNAMIC  CHARACTERISTICS 


Round 

Number 

Type 

M 

“t 

(deg) 

16519 

B035 

1.77 

2.9 

16484 

B035 

1.  19 

0.6 

16502 

B035 

1.03 

0.5 

16505 

B035 

0.97 

0.9 

16516 

B035 

0.81 

0.9 

16482 

B035  MOD 

1.46 

1.8 

16500 

B035  MOD 

1.19 

1.0 

16974 

B035  MOD 

1.02 

0.  6 

16973 

B035  MOD 

1.01 

0.4 

16503 

B035  MOD 

1.00 

0.7 

16506 

B035  MOD 

0.97 

0.4 

16518 

B035  MOD 

0.80 

0.9 

16483 

B040 

1.48 

1.2 

16501 

B040 

1.20 

1.1 

16975 

B040 

1.02 

0.6 

16504 

B040 

1.01 

0.4 

16507 

B040 

0.97 

0.4 

16517 

B040 

0.81 

0.  7 

CD 

CM 

a 

CN 

a 

CP 

j 

(cal 

.740 

.771 

-0.06 

5.51 

3.69 

.735 

.660 

-11.21 

— 

— 

.398 

-10.56 

8.31 

2.43 

.760 

-  0.88 

5.07 

3.53 

.783 

.715 

.709 

.723 

.604 

.404 

-  9.26 

6.04 

2.17 

-12.04 

— 

— 

-10.44 

— 

— 

.763 

-  1.87 

6.62 

3.46 

.803 

.721 

.724 

-10.52 

6.96 

2.24 

— 

— 

— 

.648 

.413 

— 

— 

— 

-base) 
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TABLE  II.  SUMMARY  OF  AERODYNAMIC  CHARACTERISTICS  (continued) 


Round 

Number 

Type 

M 

aT 

(deg) 

CM 

M_ 

Pa 

CM  +  CM 

q 

16519 

B035 

1.77 

2.9 

9 

-99 

16484 

B035 

1.19 

0.6 

— 

16502 

B035 

1.03 

0.5 

— 

16505 

B035 

0.97 

0.9 

-28 

-139 

16516 

B035 

0.81 

0.9 

-31 

15 

16482 

BO 3 5  MOD 

1.46 

1.8 

-16 

-200 

16500 

B035  MOD 

1.19 

1.0 

-35 

-172 

16974 

B035  MOD 

1.02 

0.6 

— 

— 

16973 

B035  MOD 

1.01 

0.4 

— 

— 

16503 

BO 3 5  MOD 

1.00 

0.7 

-52 

-116 

16506 

B035  MOD 

0.97 

0.4 

— 

— 

16518 

B035  MOD 

0.80 

0.9 

— 

— 

16483 

B040 

1.48 

1.2 

29 

-  90 

16501 

B040 

1.20 

1.1 

-41 

-132 

16975 

B040 

1.02 

0.6 

— 

— 

16504 

B040 

1.01 

0.4 

— 

— 

16507 

B040 

0.97 

0.4 

— 

— 

16517 

B040 

0.81 

0.7 

_ 

_ _ 

49 


TABLE  III.  SUMMARY  OF  FLIGHT  MOTION  CHARACTERISTICS 
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APPENDIX 


On  3  May  1979,  the  sixteenth  round  (B035  MOD)  in  the  BRL  XM712 
test  program  was  fired,  at  a  test  Mach  number  of  approximately  1.75. 
A  smear  camera  located  roughly  3  metres  in  front  of  the  muzzle  brake 
showed  that  the  plastic  nose-cap  had  failed,  and  was  disintegrating 
in  flight.  Figure  A-l  is  a  photograph  of  the  smear  camera  record. 


The  damaged  projectile  (Test  Round  No.  16520).  entered  the  range, 
where  it  pitched  upward,  and  continued  to  gain  altitude  until  it 
impacted  the  steel  roof  trusses  of  the  building,  at  the  end  of  the 
third  group  of  stations.  Figures  A-2  through  A-6  are  pitch-plane 
shadowgraphs  showing  the  progress  of  Round  16520  through  the  first  two 
groups  of  stations. 

Figure  A-2  shows  the  model  at  station  11,  19.8  metres  from  the 
gun,  at  an  upward  pitch  angle  of  4.5  degrees.  The  plastic  nose-cap 
has  completely  broken  off,  and  the  fins  are  opening  normally.  At 
station  14,  38.2  metres  out,  the  pitch  angle  has  increased  to  8.9 
degrees,  and  is  up  to  10.1  degrees  at  station  15,  44.5  metres  from  the 
gun.  By  station  24,  83.7  metres  out,  the  pitch  angle  has  grown  to 
12.0  degrees,  and  has  essentially  reached  a  maximum  of  12.1  degrees, 
at  station  25,  90  metres  out.  The  last  data  station  before  impact 
was  station  35,  136  metres  from  the  muzzle;  the  pitch  angle  at 
station  35  had  decreased  to  8.3  degrees.  However,  the  large  upward 
pitch  angle  had  increased  the  flight-path  climb  angle  from  0.46  degree 
at  station  11  to  1.62  degrees  at  station  35,  and  the  projectile  had 
gained  1.95  metres  in  altitude  over  96  metres  of  flight. 


Surprisingly,  a  fairly  good  data  reduction  was  obtained  for 
Round  16520,  and  the  results  are  given  below: 


incLL.ii 

Number 

at 

D 

M 

a 

N 

a 

(deg) 

1.76 

20.3 

1.58 

-0.67 

8.10 

N 

(cal . -base) 
3.63 


The  above  results  show  that  the  broken  nose-cap  increases  drag 
by  roughly  120%  over  that  of  a  normal  XM712  projectile,  at  Mach 
number  1.76. 
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Figure  A-4.  Pitch  Plane  Shadowgraph  of  Round  No.  16520,  Station  15 
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LIST  OF  SYMBOLS 


Drag  Force 
(1/2)  p  V2  S 

zero  yaw  drag  coefficient 


yaw  drag  coefficient 


C 


L 

a 


C 


M 


a 


Lift  Force 
(1/2)  p  V2  S  6 


Normal  Force 
(1/2)  p  V2  S  6 


Static  Moment 
(1/2)  p  V2  S  d  6 


Positive  coefficient:  Force  in 
plane  of  total  angle  of  attack, 
a  1_  to  trajectory  in  direction 

of  a^..  (a^  directed  from  trajectory 

to  missile  axis.)  6  =  sin  a  . 

Positive  coefficient:  Force  in  plane 
of  total  angle  of  attack,  a  ,  1 

to  missile  axis  in  direction  of  a  . 

CN  =  CL  +  CD 

a  a 

Positive  coefficient:  Moment 
increases  angle  of  attack  a  . 


Magnus  Moment  Positive  coefficient:  Moment 

(1/2)  p  V2  S  d  £  rotates  nose  1_  to  plane  of 
V  a  in  direction  of  spin. 

Magnus  Force  Negative  coefficient:  Force  acts 

(1/2  p  V2  S  El  6  in  directi°n  of  90°  rotation  of 
V  the  positive  lift  force  against 

spin. 


For  most  exterior  ballistic  uses,  where  a  =  q,  §  -  -  r,  the  definition 
of  the  damping  moment  sum  is  equivalent  to: 


CM  = 

M* 


a 


Damping  Moment 

(1/2)  p  V2  S  d 


V 

V 


Positive  coefficient:  Moment 
increases  angular  velocity. 
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LIST  OF  SYMBOLS  (continued) 

=  Roil  Damping  Moment  Negativc  coefficient:  Moment 
(1/2  p  V?  s  d  Ey  decreases  rotational  velocity. 

=  center  of  pressure  of  the  normal  force,  positive  from 
base  to  nose. 

=  angle  of  attack,  side  slip 

1  1  r 

=  (a2  +  B2)  2  =  sin”  ,  total  angle  of  attack 
=  fast  mode  damping  rate 

negative  X  indicates  damping 

=  slow  mode  damping  rate 
=  air  density 
=  center  of  mass 

=  body  diameter  of  projectile,  reference  length 

=  axial  moment  of  inertia 

=  transverse  moment  of  inertia 

=  magnitude  of  the  fast  yaw  mode 

=  magnitude  of  the  slow  yaw  mode 

=  mass  of  projectile 
=  length  of  projectile 
=  Mach  number 

=  roll  rate 

=  transverse  angular  velocities 
=  (q2  +  r2)h 

=  subscript  denotes  range  value 
d2 

=  —  reference  area 

4 

=  gyroscopic  stability  factor 
=  velocity  of  projectile 
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